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Note 


This is part of a paper written by Mark Butler and presented by Marc Pinter-Krainer at the Computer Games 
Developers Conference 1998. 


Abstract 
An in depth discussion on a specific feature. Full Perturbed Normal hardware bump mapping. 


Target Audience (Intermediate Track: Intermediate Level) 
3D artists and programmers interested in learning some of the latest 3D graphics techniques. 


Audience prerequisites 


General knowledge on the issues associated with what Bump Mapping should be. Previous experience with 
Power VR is an asset but not a must. 


Introduction 


To get the most out of your polygons requires a high level of visual detail. Bump Mapping is a method that 
allows simple flat polygons to acquire a new level of detail. Using additional information in a texture page 
allows the lighting to be changed so that it appears that the surface has a changing height — or bumps. This 
means that the texture can look like it has a grain or weave, since the surface will respond to the changing 
lighting conditions as the object and the light move relative to one another. 


Software Solutions 


To start this section a quick overview of bump mapping techniques used to date is required. It is useful to realise 
that you can achieve a restrictive bump map effect without specialised HW support. However with true bump 
mapping support in hardware the effect can be achieved in a flexible and changing environment, in real time, 
without the need to compute a lot of data for every polygon or frame. 


The following is an example of what can achieved without hardware support for bump mapping. The trick here 
is that the light source and the objects are not changing relative to the camera and so the bump map texture need 
only be calculated once — when the program was created. 
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Mask.mpg 
Figure 1 - Mask Demo using Pre-calculated bump mapping (Mask.mpg) 


Definitions 


The difference between various implementations of bump mapping is the time, effort and resources required by 
the scene. This is the work that the CPU needs to do, the code you need to write and the texture memory and fill 
| rate consumed but the implementation. Thus it is important to define the types of bump mapping. For this talk 

the first example above will be called ‘Pre-calculated bump mapping’. The next best in terms of reducing scene 
set-up is ‘Perturbed UV bump mapping’, this is a three phase method in hardware that allows an additional 

Ht) lighting texel to be blended with the base texture. This method still requires support work to create a new scene. 
‘Perturbed Blend bump mapping’ is done by blending one light map and its inverse image slightly offset, also a 
three phase process. Finally, ‘Perturbed normal bump mapping’, the method described here, a two-phase method, 
defined originally by Jim Blinn. [James F Blinn: “Simulation of wrinkled surfaces” Computer Graphics 
(Siggraph ”78) 12 (3),286-92] 


Perturbed Normal Bump Mapping 


The objective of bump mapping is to allow for the lighting calculation to be done for each texel as it would be 
done for the whole polygon. A dot product calculation is performed between the light direction and the surface at 
each pixel. The light data includes the colour (average combined light from the scene) and the direction and 
intensity. The surface data is the normal to the surface. During bump mapping it is this normal that is changing 
across the surface. For the example here the normal is perpendicular to the polygon for all the texels. 


The light data is the same as without bump mapping, to support multiple independent lights over the single 
polygon will require either the lights to be combined into the one input parameter or for a bump map layer to be 
done for each light. 


The normal at each texel location is changed due to the bump mapping data at that texel. The normal is 
perturbed, thus its name. The bump mapping data can be supplied in several formats such as, the XYZ 
delta/perturbation values or as a height map. The important calculation of what the new normal will be is done in 


@O hardware. 
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A height map is processed into a local slope value and then this is added to the Normal. 


Note that if Phong shading is being used at the same time then the normal that is being perturbed would not be 
perpendicular to the polygon surface, but this does not change the method as the supplied values are a 
perturbation and not an absolute normal. 


D3D support 


Bump mapping is supported in DirectX 6. This will allow for both the Perturbed UV bump mapping, 
DEVCAPS_BUMPUVMAP, and the Perturbed Normal bump mapping, DEVCAPS_BUMPNORMMAP. This 
will be implemented as part of the multi-texture methods also introduced in DirectX 6. 


Comparisons 


Perturbed UV bump mapping requires 3 passes, one for the base texture, the next for the bump map perturbation 
and then the last for the light map to be used as the adjustment. Using the Perturbed Normal method requires 
only 2 passes. The second pass supplies the bump mapping data and this directly allows the light calculation to 
be performed for each pixel. 


The Perturbed UV maps only work for static light cases. When the light is moving the maps must be calculated 
and updated for each scene. The only data that is needed for Perturbed Normal, even in a dynamic scene is the 
new light colour and direction for the polygon. These values are already calculated for the base shading. 


One of the benefits of Perturbed UV bump mapping is that the third pass can have an environment map blended 
in with the light map. However, as both images are in the same texture, there are restrictions to this type of 
environment mapping. If an environment map were required for Perturbed Normal bump mapping this would be 
done as a third pass and allows for the full flexibility of an additional texture pass including the ability to select 
the blend mode. 


Examples 


The following are a series of simple examples generated on a simulator for Power VR Second Generation. 
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Figure 4 - Mixture of Bump Mapping (BumpMap.mpg) 
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Summary 


Bump mapping makes a surface much more detailed and shows an interaction with the lighting and world around 
it. This adds a great deal of realism to a scene. Using Perturbed Normal bump mapping allows for the easiest 
support of bump mapping in a game. 
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